Persistent itch often accompanies allergic contact dermatitis (ACD), but the underlying 33 mechanisms remain largely unexplored. We previously demonstrated that CXCL10/ 34 CXCR3 signaling activated a subpopulation of cutaneous primary sensory neurons and 35 mediated itch response after contact hypersensitivity (CHS), a murine model of ACD, 36 induced by squaric acid dibutylester. The purpose of this study was to determine the ionic 37 mechanisms underlying CXCL10-induced neuronal activation and allergic itch. In whole-38 cell recordings, CXCL10 triggered a current in dorsal root ganglion (DRG) neurons 39 innervating the area of CHS. This current was modulated by intracellular Cl 
The C-X-C motif chemokine10 (CXCL10), also known as interferon-γ inducible 84 protein 10 (IP-10), is exclusively expressed in ACD but not irritant contact dermatitis 85 reactions (Enk and Katz 1992; Flier et al. 1999) . CXCL10 is predominantly produced by 86 epidermal cells in the challenged skin of CHS (Flier et al. 1999; Goebeler et al. 2001; 87 Tokuriki et al. 2002) and modulates innate and adaptive immune responses by 88 specifically attracting T cells and dendritic cells bearing its receptor CXCR3 to the site of 89 allergen reaction (Dufour et al. 2002) . In addition to immune cells, both CXCL10 and 90 CXCR3 are detected in primary sensory neurons (Bhangoo et al. 2007 ) and have been 91 implicated in the maintenance of a chronic pain state under inflammatory pain or 92 neuropathic pain conditions (Bhangoo et al. 2007; Fu et al. 2010; Strong et al. 2012) . 93 excitability (Boudes et al. 2009; Hartzell et al. 2005 identified to act as a heat sensor that mediates or amplifies thermal nociception (Cho et al. 106 2012) . Certain pruritogens and algogens were shown to activate specific types of Cl -107 channels to elicit acute pruritic and nociceptive responses, respectively (Cho et al. 2012; 108 Liu et al. 2010 ). In addition, some types of Cl -channels have been implicated in the 109 maintenance of chronic neuropathic pain (Pineda-Farias et al. 2015) . In murine microglia, 110
Cl -was identified as a key downstream transduction channel in CXCL10/CXCR3 111 signaling (Rappert et al. 2002) . Therefore, our purpose was to investigate the potential 112 role of Cl -channels in mediating CXCL10-induced neuronal activation and allergic itch 113 using a mouse model of CHS induced by a hapten, squaric acid dibutylester (SADBE). 114
115

Materials and Methods 116
Animals 117 C57BL/6 male mice used in the study were 2 to 3 months of age and weighed 20-30 g. 118
All the experimental procedures were approved by the Institutional Animal Care and Use 119
Committee of Yale University School of Medicine and were consistent with the 120 guidelines provided by the National Institute of Health and the International AssociationAllergic contact dermatitis (ACD) or contact hypersensitivity (CHS) was elicited by 124 using the contact sensitizer squaric acid dibutylester (SADBE; Sigma, St. Louis, MO), as 125 described previously (Fu et al. 2014; Qu et al. 2014) . Mice were sensitized with 1% 126 SADBE in acetone (25 μl) topically applied to the shaved abdomen once daily for three 127 consecutive days. Five days later, mice were challenged with a topical application of 1% 128 SADBE (25 μl) onto the right cheek (for behavioral testing) for one day or, to the hairy 129 skin of foot and the calf of hind leg (for electrophysiology and calcium imaging) once a 130 day for two consecutive days. Separate groups of mice were challenged with the acetone 131 alone and served as controls. 132
Retrograde labeling of cutaneous sensory neurons 133
Rationale for using neurons from DRGs rather than trigeminal ganglia (TG). We 134 chose to study neurons from the DRG rather than TG because lumbar ganglia were used 135 in our previous studies of the role of CXCL10/CXCR3 signaling in the mouse. We found 136 that SADBE challenge to the skin of mouse cheek (cheek model) and calf (calf model) 137 each induced analogous spontaneous itch-and pain-like behaviors directed to the skin of 138 CHS (Qu et al. 2014) . Moreover, CXCL10/CXCR3 signaling was involved in allergic 139 itch associated with CHS in both cheek and calf models (Qu et al. 2015 Sigma) was added to HEPES buffer. Capsaicin ("CAP"; 1 µM; 10 s) was applied at the 184 end of recordings to identify CAP-sensitive nociceptors. All agents were then applied 185 locally to the neuronal cell bodies through a micropipette with a tip diameter of 100-μm-186 diameter and connected to an 8-channel pressure-controlled drug application system 187 (AutoMate Scientific, CA). 188
Electrophysiological recordings 189
Whole-cell recordings were made from small-diameter (≤25 μm), neurons -typically those that had been identified as responsive to CXCL10 using by the experimenters blinded to experimental conditions. 223
Statistical analysis 224
Data were presented as means ± SEM. Student's t-test was used to test the significance 225 of differences between means between two groups. Comparisons for more than three 226 groups were carried out using a one-way analysis of variance (ANOVA) followed by 227 To determine the ionic mechanisms underlying the CXCL10-induced membrane 235 depolarization, we performed whole-cell recordings on the cultured cutaneous DRG 236 neurons from CHS mice before and after the application of CXCL10. Bath application of 237 CXCL10 (50 nM) for 2 min induced an inward current (I CXCL10 ) with a peak amplitude of 238 68.3 ± 8.7 pA (n = 9) when the DRG neurons were held at -60 mV (Fig. 1A) . Since Cl increased from 36 mM to 146 mM in the internal solution, the peak of the I CXCL10 was 245 significantly potentiated (Fig. 1B,D) . In contrast, lowering the concentration of Cl -from 246 36 mM to 10 mM in the internal solution dramatically reduced the I CXCL10 (Fig. 1C,D) , 247
suggesting that this current is likely mediated by a Cl To further determine the potential involvement of Cl -channels, we examined the 252 effects of DIDS and NFA, the broad-spectrum chloride channel antagonists (Malekova et 253 al. 2007 ), on the I CXCL10 . Pretreatment with DIDS (100 μM) or NFA (100 μM) for 3 min 254 almost abolished the I CXCL10 ( Fig. 2A-C, E chelator, BAPTA (10 mM), the peak 264 of the I CXCL10 was significantly attenuated (Fig. 2D-E Our recent data showed that CXCL10 evoked a Ca 2+ influx from the extracellular 325 space in DRG neurons (Qu et al. 2015) . In the present study, we found that the I CXCL10 326 was modulated by intracellular Ca The upregulated excitatory neuronal CXCL10/CXCR3 signaling has been implicated 339 in the chronic pain state in animal models of inflammatory pain (Bhangoo et al. 2007) . 340
Recently, we discovered that CXCL10, which is a nonpruritogenic chemokine in native 341 mice, became a potent pruritogen that evoked itch-like behavior in ACD (Qu et al. 2015) . 342
In present study, we found that Cl 
